Yield is a complex quantitative character that is controlled by many small genes. For effective and simultaneous selection to improve upon yield of cotton, interaction and contribution of each of the trait parameters has to be understood. The study to understand the relationship of yield components was conducted on sixty hybrids obtained from a cross of ten G. hirsutum and six G. barbadense in a Line x Tester fashion. The study revealed that most of the components were positively correlated amongst each other both genotypically and phenotypically. Number of bolls per plant, Number of sympodial branches per plant and boll weight had positive and high significant correlations with seed cotton yield per plant. In all cases phenotypic coefficient was greater than genotypic coefficient suggesting environmental interference. Partitioning the association into direct and indirect effects indicated that seed index had the highest direct effect on seed cotton yield. For indirect selection, seed index, number of monopodia, number of seeds/boll will be more reliable and 2.5% span length, bundle strength, elongation percent and micronaire also are more reliable for indirect selection for fibre quality in cotton. Six Principal components showed Eigen value of more than one with an accumulated variability of 70.39%. The Principal component with the highest variability was mostly related to seed cotton yield, uniformity ratio, boll weight, number of sympodia, number of bolls/plant and plant height.
Introduction
Global textile industry depends on both natural and artificial sources of fibre for production. Natural fibre is either from animal or plant, however 70 -80% of natural fiber is derived from cotton plant (Gossypium spp). Cotton which is regarded as king of fiber provides lint as raw material to the textile industry. It is cultivated in over 80 countries of the world with annual production of over 20 million tons (Farasat et al., 2014) thereby contributing to trade and investment of those countries and improving on their GDP. Cultivated cottons are mostly diploid and tertraploid. The tertraploid cotton (G. hirsutum and G. barbadense) contributes about 98% fiber to the natural fiber demand. Interspecific hybrids of G. hirsutum and G. barbadese are mostly employed to increase yield and quality in cotton. Hybrid production is one such method to increase yield per hectare. Hybrids occupy 45% of total area and contribute 55% to the total production of cotton in India. Optimizing yield in interspecific crosses of cultivated cotton is yet to be actualized. To optimize yield potential, Thiyagu et al. (2010) reiterated that understanding the relationship among different characters and knowledge of the direct contribution of the characters to seed cotton yield will be highly important in formulating a breeding program. Performance and positive association of seed cotton yield with its components have been discovered in G. hirsutum genotypes (Mendez-Natera et al., 2012 . Yield is known to be a complex quantitative character controlled by polygens.
Hence, it is a product of multiplicative interaction among its components and highly sensitive to environmental fluctuation (Vernier and Dansi, 2000; Obiokoro, 2005) . Yield is the major objective in most selection programs, and direct selection as such could be misleading. The knowledge of direct and indirect effects of yield components is necessary to reveal which effect is important (Isong et al., 2013) . Correlation coefficient is known to determine the relationship between components necessary for selection, however when more characters are involved, the indirect association between characters become more complex. Path coefficient analysis is found to be useful in revealing the relationship among traits whereby suitable for effective selection of complex traits in cotton (Liaqat et al., 2015 , Iqbal et al., 2006 . Therefore, the study of direct and indirect association will help in understanding the yield components and form the basis for selection to improve yield. Principal component analysis which shows pattern of existing variation between hybrids can be used to inform on genetically diverse but agronomically important genotype. Saeed et al. (2014) suggested a grouping of each genotype to a single group by replicating significance of huge contributor to the entire variation at every axis of variation. Therefore, this study was designed to explore the relationship of seed cotton yield with its components and to partition the relationship into direct and indirect effects. Also, it is to explore grouping pattern and indicate genetically diverse but agronomically 858 DOI: 10.5958/0975-928X.2017.00140.5 important interspecific hybrids of cultivated cotton.
Materials and methods
The Study Location: The investigation to understand the components association with seed cotton yield and the principal components was carried out during the summer season of 2016. The field work was done in experimental fields of Cotton department, Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore Experimental Design: Hybrids derived from sixteen parents by Line x Tester design were the experimental materials. Ten G. hirsutum genotypes (TCH1777, MCU9, TCH1716, MCU7, TCH1819, COD-5-1-2, African1-2, VS-9-S11-1, TCH1705-101, KC2) were crossed with six G. barbadense genotypes (TCB26, TCB37, TCB209, CCB36, DB3, Suvin) to have a total of 60 hybrids for the experiment. They were evaluated in a Randomized Block Design with three replications. Two rows of hybrids were planted at a spacing of 90cm between rows and 60cm between plants during February 2016. Basic agronomic practices were carried out as recommended, field observations and data collection were done and recording was on ten selected plants in each entry for seed cotton yield (g), plant height (cm), number of bolls per plant, number of sympodia branches per plant, number of monopodia branches per plant, boll weight (g), number of seeds per boll, ginning percentage, lint index and seed index. Days to flowering, days to 50% flowering and days to first bursting were observed in plot basis. The quality traits like 2.5% span length (mm), micronaire, bundle strength, elongation percentage and uniformity ratio were obtained using ginned lint on a High Volume Instrument.
Statistical Analysis: The data obtained were subjected to statistical analysis for correlations and path analysis by the method suggested by Dewey and Lu (1959) using the AGRISTAT statistical analyses software. Principal Component Analysis (PCA) also was carried out on the mean data using IBM SPSS v20.
Results and Discussion
Genotypic and phenotypic correlation coefficients for different yield components are presented in table 1, the contribution of each of the components to yield are indicated in Table 2 . The highlighted diagonal values indicate the direct effect of each of the components to yield, the indirect contribution to the seed cotton yield per plant by each component are the horizontal and vertical values in Table 2 . Table 3 shows the Principal Components for 18 characters in 60 hybrids of cultivated cotton, and the scree plot ( Fig. 1 ) further highlighted the partitioning of the principal components Correlation analysis: Correlation coefficient as indicated in Table 1 shows that all the characters were positively associating with seed cotton yield per plant both phenotypically and genotypically except days to flowering, 2.5% span length and number of monopodia per plant. Other components also had positive and significant correlation amongst each other, however number of bolls per plant, number of sympodial branches and boll weight had positive and high significant correlation with seed cotton yield per plant Path analysis: Correlation coefficient only indicates inter-relationship of different characters and does not account for the information on cause and effect. Consequently path analysis is employed to identify the basic index for selection. Here it was used to partition the observed correlations into undeviating (direct) and deviating (indirect) effects of cotton components. According to Table 2 , not all the direct effects were less than 1. Seed index demonstrated the highest direct and positive impact on the seed cotton yield per plant. This was followed by days to 50% flowering, number of monopodia and number of bolls per plant. . Similar results were reported by Reddy et al. (2015) , Chitti et al. (2014) , Rumesh et al. (2014 ), Abdullah et al. (2016 and Vinodhana et al. (2013) . However, in their reports, boll weight, lint index, and number of seeds per boll also showed positive direct effect. Earlier work by Latif et al. (2015) indicated similar positive direct effect by number of bolls per plant, however it was not on hybrids, and the component recorded the highest direct positive effect. Other components like ginning outturn, boll weight, bundle strength, elongation percent and micronaire also showed positive but low direct effects on cotton yield per plant. The highest indirect and positive effect was recorded by seed index through boll weight. This was followed by seed index through lint index, 2.5% span length through elongation percent, seed index through number of sympodia per plant, seed index through plant height and number of seeds per boll accordingly. Seed index had the highest value and number of positive indirect effects on yield, accordingly from our investigation it is has illustrated good positive direct effect on yield via boll weight. Indirect effects by 2.5 per cent span length through elongation percent, number of seed per boll through days to first bursting, number of monopodia per plant through uniformity ratio was also positive. Based on path analysis, ginning outturn, bundle strength boll weight, elongation percent and micronaire were more reliable for direct selection for seed cotton yield. However, seed index, number of monopodia, number of seeds per boll showed more reliability for indirect selection, and 2.5% span length, bundle strength, elongation percent and micronaire also showed reliability for indirect selection for fibre quality in 859 DOI: 10.5958/0975-928X.2017.00140.5 cotton. These observations were also noticed by Thiyagu et al. (2010) in his work on interspecific crosses of cotton. The positive significant correlation with seed cotton yield by most of the parameters as revealed by path analysis was mainly due to their indirect effects through other components.
Principal components analysis: Khan et al. (1999) and Khan (2003) working on yield and its components discovered high genetic variability amongst the components in cotton. To indicate the pattern of this variability existing in the population and to possibly group them into components, mean data of sixty cotton hybrids were subjected to principal component (PC) analysis. Eighteen PCs that were realized, only six described eigen value of more than one and contributed about 70.39% of accumulative variation among the hybrids. The six PCs is therefore used to explain the total variation and the grouping of the PCs, the remaining 12 PCs showed less than 1 eigen values and were less significant.
The first PC explained the highest variability of 22.54% and was most related to seed cotton yield, uniformity ratio, boll weight, number of sympodia, number of bolls per plant and plant height. The second and third PCs had variability of 13.1% and 10.7% respectively and were more associated with days to first bursting, days to flowering, 2.5% span length and seed index. The rest PCs were more associated with bundle strength, number of seeds per boll and days to 50% flowering. 
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